Introduction 3 1
In an era of increased concern over mosquito-borne viruses, West Nile virus (WNV) 1 3 1 antibodies to WNV using a MAC-ELISA assay as previously described (41). Mosquitoes containing a visible blood meal that were collected in CDC light traps or 1 4 6 gravid traps at various locations throughout the state were preserved at -80°C. This 1 4 7 1 7 0 according to the inverse distance weighted (IDW) method using centroid locations of the 1 7 1 corresponding counties as previously described (47) . To enhance the visual display, a 1 7 2 2% clip and gamma stretch were applied. All variables examined in this study (host infection rates by week, year, region, and 1 7 5 county; county-level mosquito abundance measures) were found to have non-normal 1 7 6 distributions, with the exception of regional mosquito MIR differences. As a result, non-1 7 7 parametric methods were chosen for all statistical analyses to maintain consistency. Significance of relationships was determined with a 95% confidence interval (P < 0.05, 1 7 9 two-tailed). A Wilcoxon signed-rank test was performed to determine differences in 1 8 0 annual host infection rates between Iowa regions and between Culex species. Data 1 8 1 were analyzed and prepared using GraphPad Prism 6 (GraphPad Software). human cases ( Fig. 1A ), chicken seroprevalence ( Fig.1B) , and mosquito infection rates 1 8 9 ( Fig. 1C ). Across host species, WNV activity followed similar temporal patterns reaching 1 9 0 detectable levels approximately in early June (week 23) and amplifying progressively 1 9 1 through the summer months. Human and mosquito infection rates peaked in early 1 9 2 September (humans, week 36; mosquito, week 37), then rapidly declined to barely 1 9 3 detectable levels in October (week 40). In contrast, chicken seroprevalence continued 1 9 4 to rise through late September and early October when human incidence and mosquito 1 9 5 infection rates have already rapidly declined ( Fig. 1 ). Seroprevalence was not measured 1 9 6 beyond this point as it marked the end of the field season. Relationships between host infection patterns were more closely examined using 1 9 8 regression analyses of historical infection rates (weeks 20-40) to determine the strength 1 9 9 of these multivariate interactions. A linear model of chicken seroprevalence was limited 2 0 0 in its ability to account for variation in human incidence, yet was greatly improved when 2 0 1 examined as a non-linear relationship to account for the late-season decline in human 2 0 2 incidence while seroprevalence continued to increase ( Fig. 1D ). Similarly, a non-linear 1F). Together, these data suggest that both linear and non-linear relationships of host 2 0 7 infection rate data account for the dynamic nature of WNV activity. Traditionally used as 2 0 8 tools for arbovirus surveillance (48, 49) , these data provide strong support for the 2 0 9 continued use of sentinel chickens and the use of mosquito infection rates to actively 2 1 0 monitor WNV activity.
2 1 1 data, the human incidence of WNV was determined to be the highest in western Iowa, where infection rates were four times that of central Iowa and seven times that of 2 2 0 eastern Iowa ( Fig. 2A ). Central Iowa also displayed significantly higher human incidence 2 2 1 than in eastern Iowa ( Fig. 2A ). Temporal analyses of human WNV incidence further 2 2 2 support this observation, demonstrating that incidence rates in western Iowa were 2 2 3 higher and amplified faster than in other geographic regions of the state ( Fig. 2A ). which similarly define a distinct gradient where the highest incidence rates are found in 2 2 6 western Iowa and the lowest incidence in eastern Iowa. This regional dichotomy 2 2 7 suggests that important entomological and ecological differences across the state must 2 2 8 influence higher rates of enzootic spillover of WNV in western Iowa. Seroconversion rates in sentinel chickens were also highest in sentinel chickens in 2 3 0 western Iowa, displaying twice the seroconversation rates than those in central and 2 3 1 eastern Iowa (Fig.2B ). However, unlike human incidence, these hotspots were less 2 3 2 defined with several non-western counties exhibiting high infection rates ( Fig. 2B ). rates that were three times greater than those found in other regions by the end of the With similar spatial patterns of WNV in humans and sentinel chickens, we expected that 2 3 8 the MIR of Culex species producing WNV + mosquito pools (Table S1) highest infection rates were found in western Iowa, we found that the overall geographic regions, yet these differences were not significant ( Fig. 2C ). Temporal analyses with much lower mosquito infection rates in the east throughout the year (Fig. 2C ).
Regional differences in WNV transmission

4 6
While consistent with the geographic gradients for human incidence and chicken 2 4 7 seroprevalence, these mosquito infection trends argue that a more detailed analysis of 2 4 8 mosquito species composition on infection rates may be required to delineate potential 2 4 9 0 studies arguing that Cx. tarsalis is one of the most competent vectors of WNV in North America (24, 51, 52). To examine potential differences in host selection between Cx. tarsalis and Cx. pipiens 2 7 4 group, we used PCR-based methods to analyze mosquito blood meals (30, 46, 53) . Of Cx. pipiens group [32 of 159] samples). This is likely due to the passive collection of 2 7 8 these blood-fed mosquito samples in which host DNA in the blood meals may have 2 7 9 been digested past the point of PCR identification (54). These limitations prevent us 2 8 0 from making any strong assertions about differences in host preference between these 2 8 1 mosquito vectors. However, our data show that Cx. tarsalis feeds predominantly on the identified blood meals (Fig. 4 ). This is in contrast to Cx. pipiens group mosquitoes 2 8 4 that collectively displayed stronger selection for non-human mammals and birds, with 2 8 5 humans representing the smallest proportion (~13%) of analyzed samples (Fig. 4 ).
8 6
When further classified by species using a multiplex PCR assay (44), we saw notable S1), while Cx. pipiens samples fed primarily on birds (Fig. S1 ). Together, these data 2 9 0 suggest that Cx. tarsalis may exhibit different preferences for host selection than Cx. pipiens group and feed more prevalently on humans ( Fig. 4 ), providing support that Cx. tarsalis may serve as a better vector of WNV to humans. Expanding on initial mosquito abundance data (15), we further examined Culex 2 9 5 mosquito populations across the state to determine the influence of vector abundance combined with its higher infection rates ( Fig. 3 ) and greater selection for human hosts 3 0 7 ( Fig. 4) , these properties provide strong support towards incriminating Cx. tarsalis as In this study, we provide a comprehensive view of 15 years of WNV transmission in perspective into the temporal and spatial trends that define WNV transmission in Iowa.
1 4
We describe a consistent period of WNV transmission in Iowa from late spring to early complexities of physiology and behavior that influence interactions between hosts.
2 4
Shifts in vector feeding behavior have been previously implicated in driving WNV 3 2 5 transmission from an enzootic cycle to human populations (27), yet other studies 3 2 6 suggest that little change in feeding preferences occur with the emergence of human 3 2 7 cases (31). Therefore, it is unclear how these dynamics may influence human case Similar to initial studies (15), we identify a distinct geographical gradient in the the West is readily evident, where county-level incidence rates in western Iowa were as 3 3 8 much as 60-times higher than those in the East. Additional examination of sentinel South Dakota, which harbor the highest human WNV incidence rates in the country (1), 3 4 2 our data imply that the western regions of Iowa may be influenced by similar landscape Supported by more than 1.9 million individual mosquito records, we have accumulated a With similar landscape ecology and strong agricultural emphasis across this region, the 3 5 0 widespread use of irrigation practices likely provide ideal habitats that enable Cx. tarsalis to persist through periods of drought (15, 18) . This is in contrast to Cx. pipiens settings (9, 11, 12, 32) . While we cannot exclude the involvement and contributions of group mosquitoes is likely that as a secondary vector for WNV transmission in regions 3 5 7
where Cx. tarsalis is abundant (summarized in Fig. 6 ). With Iowa serving as the and Chicago (9, 11, 12, 32) to regions of high Cx. tarsalis abundance in Iowa and the In addition, Culex pipiens group mosquitoes display distinct seasonality in their 3 6 7 abundance, evidenced by the earlier emergence of Cx. restuans before either Cx. pipiens or Cx. salinarius (20, 58, 59) . Previous studies have suggested that Cx. These differences in vector ecology and abundance are inherently linked to host 3 7 7 selection preferences between mosquito species that influence vector competence. Culex species have generally been classified as ornithophilic, a preference that 3 7 9 promotes frequent interactions with bird reservoirs to acquire and amplify WNV. Several 3 8 0 studies have suggested that Cx. pipiens group principally feeds on birds (31, 46, 61, 3 8 1 62), while Cx. tarsalis is thought to be more opportunistic, feeding on both birds and 3 8 2 mammals (53, 62, 63) . Our data support previous findings in Iowa (64) suggesting that 3 8 3
Cx. tarsalis fed on birds more frequently than mosquitoes of the Cx. pipiens group. Moreover, our data suggest that Cx. pipiens group fed most commonly on mammals, However, it is notable that Cx. tarsalis fed on humans more frequently than Cx. pipiens 3 9 1 group, a potential indicator of greater human host selection by Cx. tarsalis that would 3 9 2 support a larger role of this vector species in the transmission of WNV to humans. In 3 9 3 agreement with these studies, the data presented here support a model in which Cx. pipiens group mosquitoes predominantly drive enzootic amplification of WNV in 3 9 5 reservoir populations, while Cx. tarsalis is more likely to transmit WNV to human 3 9 6 populations ( Fig. 6) . In summary, our results demonstrate the power and utility of long-term mosquito Iowa. Through these studies, we present strong evidence implicating Cx. tarsalis as the with years of unpublished infection and mosquito data, we believe that our study can 4 0 7 serve as a template for similar long-term analyses to better understand WNV 4 0 8 transmission at the regional or state-wide level. Taken together, our results provide an All authors read and approved the final manuscript. This study would not have been possible without the efforts and data collected by many The authors would also like to thank Katherine Goode for statistical consultation, Hee- numbers 5033 to WAR (2002 -2004 ), 5111 to LCB (2005 -2015 and 101071 to RCS 
